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Adrdni strati on,  and  James  H,  Kettering,  Assistant  Cotton  Technologist, 

Bureau  of  Plant  Industry  2/ 


The  A^ierican  cotton  cro-p  is  sold  principally  on  the  "basis  of  official 
U.  S.  Standards  for  grade  and  for  staple  length.    Length  of  cotton  fibers  is  a 
varietal  characteristic  subject  to  modification  "b^/  grov/ing  and  ginning  condi- 
tions.    Grade,  on  the  other  hand,  is  much  less  influenced  "hy  vaxioty.     Grade  is 
predicated  on  the  logical  asS'Jimption  that  cotton  vrhich  is  bright  and  normal  in 
color,  picked  clean,  and  ginned  vfoll,  is  worth  more  than  cotton  that  is  dirty 
or  abnor:Tial  in  color,  full  of  Icei"  and  trash,  and  poorly  ginned.    As  issued  by 
the  U.  S,  Department  of  Agriculture  ■'ondor  the  U.  S.  Cotton  St'ar.dards  Act,  the 
Universal  Standards  for  Grades  of  American  upland  cotton  are  a^cccptod  and  used 
all  over  the  world  by  those  who  trade  in  Amrric^-.n  uplpjid  cotton.     Those  now  in 
force  (l942)  arc  listed  in  trblc  1.     They  r\rc  discussed  in  detail  in  other  pub- 
lications of  the  U.  S,  Department  of  Agriculture  (7,  6,  9).  3y/ 

As  a  whole,  the  grades  have  rather  definite  signif icar.cc  in  mill  prac- 
tice in  terms  of  relative  cost  of  rav7ma.tcria.ls,  yield  and  equality  of  products, 
a.nd  costs  of  processing  and  finishing,,    However,  oven  at  the  present  time  there 
is  little  scientific  information  as  to  hovr  cotton  fiber  au.-^lity  varies  vdth  the 
grade  of  the  ravr  cotton,     V^illis  (lO)  reported  in  1937  on  manufacturing  tests 
of  cotton  of  the  V^hitc  gra„dcs  of  the  Universal  Standards  for  American  cotton  in 
force  at  that  time.    Among  other  things,  ho  reported  that  the  strength  of  the 
yarn  did  not  always  follow  the  gra.de  of  the  cotton,  but  tha.t  there  was  a  ten- 
dency for  the  higher  grades  to  produce  stronger  yarns,    ITickorson  4^/ studied  the 


r/    The 'work  herein  reported  v;as  conducted  in  the  laboratories  of  the  Agricultural 
Marketing  Administration  at  V'ashington,  D.  C.  ,  in  cooperation  vath  the  Bureau  of 
Plant  Industry,  a.nd  is  a.  part  of  the  Joint  program  of  cotton  fiber  research  con- 
ducted by  the  Agricultural  Ma.rketing  A(?jninistra.tion  ajid  the  Bureau  of  Plant 
Indus try, 

2/    Dr,  Conrad  is  nov/  Senior  Chemist,  Southern  F-cgionaJ..  Reseaj*ch  Laboratory, 
Bureau  of  Agricultural  Chemistry  and  Engineering,  I'ev/  Orleaxs,  La,    Mr,  Kettering 
is  also  stationed  at  the  Southern  Regional  Hosoa.rch  Labora.tory,  l^evr  Orleans,  La. 

3/    Figures  in  parentheses  refer  to  Litora^turc  Cited,  p.  15. 

4/    Nicker son,  Dorothy,     Grade  of  Cotton  Affected  by  Exposure  in  the  Field.  U.S, 
Dept.  Agr. ,  Bur.  Agr.  Econ.  12pp.,  illus,  1955,  (Processed.) 

 :__  Studies  of  Color  in  Raw  Cotton,    Prelim,  Rpt,    U.  S,  Dept,  Agr.,  Bur. 

Agr,  Econ,     22pp.,  illus.  1933.  (Processed.) 


TalDle  1.  -  Official  standards  for  grades  of  American  upland  cotton  1/ 
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1/  Underlined  symlDols  denote  grp.dcs  for  v/hich.  practical  forms  or  grade  Id oxes  of 
the  standards  arc  prepared  for  pulDlic  distriliution.     The  grades  indicated  "by 
symlDols  not  ■ondorlined  are  descriptive  grades  and  arc  not  represented  "by  grade 
"boxes.    Middling  Fair  White  cotton  is  that  which  in  color,  leaf,  and  preparation 
is  better  than  Strict  Good  Middling.     Gray  cotton  is  that  vMch  is  more  gray  in 
color  than  that  in  the  boxes  for  White  cotton;  Spotted  cotton  is  that  v/hich  in 
color  is  "between  the  tote  and  the  Tinged;  Yellow  Stained  is  that  which  is  more 
yellow  in  color  than  the  Tinged;  and  Extra  ^^ite  is  that  which  is  whiter  in  color 
than  the  li/hitc  grades.  ,  Tlic  grades  show  above  the  horizontal  lines  are  deliver- 
able on  futures  contracts  made  in  accordance  with  section  5  of  the  United  States 
Cotton  Futures  Act,     Those  below  these  lines  are  not  deliverable  on  such  con- 
tracts. 


influence  upon  the  color  and  grade  of  the  resulting  lint  of  continued  field 
exposure,  of  the  seed  cotton  in  the  boll  on  the  plant.     She  observed  in  most 
cases  a  rather  rapid  lowering  of  the  color  factors  as  well  as  of  the  grade  as 
exposure  v/as  continued.     She  suggested  that  color  might  be  an  index  of  other 
quality  changes,  although  the  results  of  strength  measurements  v/ere  rather 
inconclusive.     Similar  results  vrere  reported  by  Grimes  (4)  who  noted  in  addition 
to'thc^color  and  grade  changes  a  fairly  general  loss  of  strength  of  the  raw 
cotton.     The  results  thus  suggested  that  deterioration  of  the  cellulose  m.ight 
occur^  and  that  its  degree  might  vary  with  the  grade  of ' the  6otton. 
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By  far  the  largest  and  most  i^^fportpnt  constituent  of  the  lint  of  cotton 
is  the  cellulose.     Of  the  dry  vreight  of  the  filicr,  it  constitutes  from  perha^ps 
80  to  a"bo\it  95  percent,  the  proportion  depending  la-rgcly  on  the  degree  of  filDcr 
wa,ll  development.    Its  imioort^ncc  to  the  finished  textile  product  is  shov/n  "by 
the  fact  thcat  most  of  the  kicring  and  "bleaching  operations  in  cotton  manufac- 
ture are  designed  to  get  rid  of  all  other  constituents. 

The  opportunities  for  cellulose  deterioration  from,  the  opening  of  the 
cotton  boll  until  the  "beginning  of  manufacture  are  numerous.    Exposure  of  the 
seed  cotton  in  the  field  to  sunlight  containing  apprecia'blc  porti^^^^ns  of  the 
ultraviolet  radiation  is  suggested,  on  the  "basis  of  work  "by  Grimes  (3),  as  one 
source  of  such  deterioration,     Even  more  serious  for  the  cellulose,  hov/evor,  may 
"be  the  action  of  fungi  and  other  microorganisms,  vrhich,  with  sufficient  moisture 
from,  dew  or  rain,  and  v.dth  suitable  t emip cr atur c ,  may  grov  upon  the  fi'ber,  secret- 
ing enzymes  which  rapidly  destroy  the  cellulose,     Ihc  action  of  frost  in  releas- 
ing active  enzymes  in  unopened  "bolls  may  "be  still  another  source  of  cellulose 
deteriora,tion.     The  action  of  weat}ier  and  the  nutrient  condition  of  the  soil 
during  grovjth  mp.y  "be  still  other  pertinent  factors  affecting  the  ouality  of  the 
cellulose  laad  dovm  in  the  fiber,    Finally,  conditions  of  storage  which  permit 
excessive  moisture  in  the  seed  cotton  or  ginned  lint  or  which  give  rise  to  heat- 
ing, noy  easily  cause  serious  dot criorp.tion  of  the  cellulose. 

No  record  has  been  foujid  of  chemical  tests  made  to  deterr.ine  the  quality 
of  the  cellulose  in  relation  to  the  different  grades  of  cotton,  although  many 
studies  have  dealt  with  cellulose  deterioration  ijnder  va.rious  conditions,'  The 
purpose  of  the  present  study  vras  to  survey  in  a.  preliminary  wa.y  the  pcrccnta.ges 
of  cellulose  in  the  available  grades  of  cotton  frori  the  1937  crop  and  to  mea.- 
sure  the  qualitj^  of  the  cellulose  by  appropriate  means.     Such  a.  study  wa.s  made 
rcla.tively  sir.pl c  since  cotton  sam-ples  a,ro  collected  each  year  for  the  purpose 
of  n.aking  a.  survey  of  the  variations  of  lint  color  in  the  crop.     Sam.ples  for 
1937  were  the  first  to  be  avaalable  for  chemical  tests,  and  the  present  report 
is  concerned  only  with  the  1937  san-ilcs,     Saiiples  for  1939  and  194-0,  however, 
have  since  been  collected  and  a.rc  being  held  for  the  sajie  p-'JTposo. 

Materials  and  Methods  5/  . 

In  193?  more  than  4,700  samoles  fr^n.  the  adorer. en tioncd  color  survey, 
collected  from  four  of  the  field  offices  of  the  Cotton  Division  of  the  Agri- 
ci;J.ti:ijra2  Marketing  Service,   (nov^  a,  I'^n^rt  of  the  Agricultural  Marketing  Adminis- 
tration) were  made  available  for  study.     The  sa^nlcs  were  believed  to  be.  repre- 
sentative ef  all  American  upland  cottons-  in  the  1937  crop  except  those  from  the 
irriga.tcd  districts  of  the  fax  West.     Sa-n^los  for  this  survey  were  received 
each  week  from  each  field  office,  •  These  offices,  located  at  Atlanta.,  G-a.  ; 
Memphis,  Tenn, ;  Dallas,  Tex.;  ^nd  Austin,  Tex.,  in  turn  obtained  the  samples 
from  selected  gins  throtighout  their  territories.     The  sajiplos  received  in 

5/  Appreciation  is  cxoresscd  to  r.cn.bers  of  the  Agricultural  Marketing  Adminis- 
tration, as'  follows:     The  stai'f  of  the  regional  offices,  who  supplied  the 
original  saxiples  for  the  color  survey;  Dorothy  Hickerson,  vrho  composited  the 
sam.ples  according  to  grade  andT.iade  them  available  for  the  present  study;  the 
staff  of  the  Spinning  Laboratory  at  -Clems  on,  S,  C. ,  for  cleaning  the  samples; 
and    Meyer  D.  Silverman  for  assistnjice  v/ith  the  chemical  analyses. 
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..Washington  consisted  of  one  bag  of  samples  SGlected  at  random  each  week  from  * 
the  work  of . each  regular  classer  stationed  at  each  of  the  fouj:  offices.  After 
the  samples  vrere  r.easured  for  color  in  the  laboratory  and  \«rere  classed  'oy  the. 
Appeal  Board,  a  small  portion  of  each  vras  put  aside  for  the  present  study 
in  containers  identified  to  shov/  the  region  of  origin  and  the  grade  assigned 
by  the  Appeal  Board.     The  number  of  original  samples  composited  aJid  their  dis- 
tribution by  originating-  office,  color  cla.ss,  and  graxle  nmber,  are  shovai  in 
table  2,     In  some  instances  the  composited  sar^plcs  from  one  grade  were  com- 
bined with  en  equal  quajntity  of  the  com.posited  saj~iplcs  of  another  gra.de  in 
order  to  provide  sufficient  material  for  aaialysis.    Although  other  gra.des 
besides  those  listed  in  this  table  were  found,  the  number  of  samples  or  the 
quaj.it ity  of  cotton  wa.s  too  small  to  permit  chemical  analysis. 

All  the  samples  contained  some  trash;  the  lower  grades  ha.d  a  very  high 
content  of  nonfibrous  material.     Some  of  the  smaller  samples  were  carefully  ; 
cleaned  by  hand,    Hovjever,  since  such  cleaning  proved  to  be  very  time-consuming, 
most  of  the  samples  were  clcajied  vjith  the  aid  of  a  Shirley  analyzer.     In  tvro 
.insta.nces  the  samples  proved  exceedingly  difficult  to  clean;  and  they  were 
passed  through  the  analyzer  three  or  four  times  before  the  foreign  matter  could 
be  completely  removed. 

Both  during  cleaning  due  to  the  Ficchanica.l  action  and  agaan  by  hand  before 
rem.oving,  the  portion  roq^uircd  for  chemical  analysis,  the  lint  was  thoroughly 
mixed.    A  10-gram  samiole  was  taken  and  cut  in  a  Wiley  mill  until  it  passed 
through  a  1-millimetcr  sieve.     The  entire  sample  v/as  then  placed  in  a  thimble 
in  a  large  (50  by  250  mm.)  Soxhlot  extractor  and  extracted  for  successive  4r'hour 
periods  v/ith  water  and  95  percent  ethyl  alcohol  to  remove  residual  sugars, 
waxes,  and  other  interfering  substances.    Between  water  and  alcohol  extractions 
and  again  after  the  alcohol  extraction,  the  cotton  was  allowed  to  dry  thor- 
oughly in  a  current  of  air.     It  was  then  passed  through  the  Wiley  mill  a  second 
tim.e  to  break  up  conglomerated  masses,    Finally,  it  was  stored  in  4^o"ance  screw 
cap  bottles  until  used. 

Samples  for  the  different  analyses  were,  for  the  most  paJt,  weighed  out 
consecutively.     The  cellulose  analysis,  hovrevcr,  v;as  not  undertaken  until  after 
the  other  analyses  had  been  completed.    Besides  the  cellulose  content,  the 
moisture  content,  and  the  alkali  solubility,  the  copxDcr  number  -^nd  the.  cupr.am- 
noiiium  fluidity  of  the  cellulose  were  determined  on  each  sample.     Tlie  cellulose 
determination,  besides  showing  the  degree  of  cell-waJl  development,-  also  fur- 
nished a  basis  for  adjusting  the  measures  of  cellulose  det.criora.tion.  • 

....   The  moisture  content  wa.s  used  only  in  computing  cellulose  content. pf. 
the  samples.     It  vras  determined  by  drying  0,25-gran  samples  in  triplica.te -  to 
constant  vrcight  in  an  air  oven  a.t  from.  104^  to  110'^  C,  ■■ 

Cellulose  was  dcte3:*nined  in  duplicate  on  O.l-gran  sanplcs  according  to 
a.  method  described  elsewhere  by  the  a.uthors.  6/    The  sam.plc  wa.s  boiled  for  .2' 
hours  under  a  reflux  condonser-  with  1,'000  volumes  of  1  percent  sodium,  hydroxide, 

6/'    Kettering,  J.  H.  and  Oonraxl,  C,a.rl  M.     Determination  of .  Cellulose  in  Raw 
Cotton.     (Accepted  for  publication  in  Ind.  Eng.  Chem, ,  Anal.  Ed.)  , 
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Table  2.  -  ITumlDer  of  original  samples  conpositcd  and  their  distribution 
by ; region, ;  grade  number,  and  color  class 
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- 
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20 
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1/    No  official  standpjrds  for  these  grades;  see  table  1, 
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filtered  and  washed  with  the  aid  of  suction.     The  purified  residue  vras  oxidized 
vdth  standard  acid  dichromatc,  and  the  unused  dichromatc  was  titrated  vrith  fer- 
rous ammonium  sulfate.     O-phcnpnthrolino  ferrous  complex  was  used  as  an  internal 
indicator  for  the  titration.     The  dichromatc  consumed  in  the  oxidation  was  com- 
puted to  cellulose  iDy  menjis  of  the  factor,  0,00675  grexi  cellulose  per  milliliter 
of  normal  dichromatc. 

Alkali  solulDility  vras  determined  in  triplicate  on  0.1-gram  snmplcs  "by  a 
slight  modification  of  the  micro-method  dcscrihed  "by  Uoddcr  (g).     The  soda  iDoil 
was  omitted  since  it,  admittedly,  dissolves  part  of  the  short-chain  cellulose 
which  it  was  desired  to  include  in  the  dot crpxination.    After  triturating  the 
sample  for  15  minutes  at  25    C.  with  one  milliliter  of  10  II  sodium,  hydroxide, 
the  mixture  v/as  diluted  to  2.0  N  and  allowed  to  stand  for  1  hoiir,  diiring  which 
time  it  wp.s  frequently  stirred.    An  aliquot  portion  of  the  clear  filtered  extract 
from  the  samiolc  was  then  oxidized  v/ith  acid  potassium  dichromatc,  and  the  resicV 
ual  dichromatc  was  determined  with  ferrous  ammonium,  sulfate,  thj^ough  the  use  of 
o-phcnanthrolinc-f errous-com.plcx  as  internal  indicator*     The  volume  of  reduced 
dichromatc  in  milliliters  of  normal  solution  was  computed  to  grams  of  cellulose 
"by  means  of  the  factor,  0.00675. 

The  copper  numlDer  was  determined  in  triplicate  on  0.25-gram  samples  of  the 
cotton,  according  to  a  modification  of  the  Hoycs  (5)  micro-method.     The  sample 
was  covered  vath  10  ml,  of  the  hot  c opper- carl) onate-hi carbonate  reagent  in  a 
special  3/4- inch  test  tuhe,  vras  provided  vrith  a  ground  glass  air  condenser  and 
vras  heated  for  exa^ctly  3  hours  in  a  glycerine  "bath,  maintained  at  100°  C.  The 
tuhes  vrere  shaken  occasionally  during  heating.     The  mixture  of  cotton  and  CugO 
\i7as  then  collected  on  an  as'bestos  mat  in  a  G-ooch  crucible  and  wa,shed.     The  CugO 
vras  dissolved  v/ith  3  ml.  of  acid  ferric  sulfate  solution,  added  in  tvro  portions. 
The  filtrate  and  washings,  amounting  to  about  30  ml,,  vrere  caught  in  a  50  ml, 
Erlenmeyer  flask  and  titrated  vrith  0,01  normal  potassium  pormanga.natc,  0-phcn?ji- 
throlinc-f crrous-complcx  indicator  vras  used  to  increase  the  sensitivity  of  the 
end  point,    A  "blank  determination  vras  run,  and  the  pcrmar.gana.te  vras  standardized 
against  vrcighed  quantities  of  CU^O  prcppurcd  from  knovm  sugar  solutions.  Results 
were  computed  on  the  "basis  of  the  cellulose  in  the  sa;nplc. 

The  fluidity  in  ctipramm.onium  solution  was  determined  in  duplicpute  on 
samples  of  the  cotton  at  a  concentration  of  0,5  gram  cellulose  per  100  ml,  solu- 
tion according  to  a.  method  dcscri"bcd  by  Conrad  (2),    Briefly,  the  method  con- 
sists in  measuring  vrith  a  double-action  stop  xiratch  the  successive  time  inter-  • 
vals  required  for  5  ml.  portions  of  the  cup r ammonium- cellulose  solution  to  flov/ 
through  caJibra.ted  capillaries  a,t  successively  decreasing  hea-,d.     The  cupram- 
monium  solution  contained  30  gra.ms  of  copper,  165  graxis  of  ammonia,  and  10  ^ 
grams  of  sucrose  per  liter,  a.s  specified  by  the  Committee  on  Viscosity  of  Collu.- 
lose  of  the  American  Chemical  Society  (l).     The  capillaries  vrere  2,50  £  0,01  cm, 
long  and  had  a  radius  of  from  0,0702  to  0,0737  cm.  as  determined  by  mercury 
calibration.     The  mean  head,  h,  during  flovr  vras  computed  vrith  the  a.id  of 
Meissncr's  formula 

h  -      ^-^1    -  ^2  

log^  (hi/hg) 

in  which  h-^  and  h^  are  the  height  in  centimeters  abpvo  .the  capillary  at  the  upper 
an.d  lower  rings  for  any  flow  interval.     Kinetic  energy  corrections  v/cre  taken -from 
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a  previously  const  meted  chart,  iDased  on  the  evaluation  of  the  Quantity 
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in  which  nr  is  the  kinetic  energy''  coefficient,  taken  as  1.12;  d  is  the  density 
^of  the  solution,  determined  to  "be  0,974,  V  is  the  volume  of  flovj,  i.e.,  5  ml.; 
Ij_  is  the  length  of  the  capillary;  and  t_  is  the  time  required  for  5  ml.  to  dis- 
charge.    The  fluidity  values  vrcre  adjusted  also  for  vaj'iations  of  cellulose  _  con- 
centration with  the  aid  of  a  fluidity-concentration  tahlc  and  interpolated  to  a 
mean  velocity  gradient  of  500  sec."-'-,     mth  the  aid  of  log-log  coordinate  paper, 
The  formnj.la  used  to  compute  the  mcaji  velocity  gradient,  G-,  was 

P  V 
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in  v/hich  V  and  t_  have  the  same  si gnif ica.nce  as  in  the  kinetic  energy  oucjitity 
given  ahovc  a.nd  R  is  the  rs.dius  of  the  ca.pillary  in  centimeters. 

Results 


The  results  of  the  analyses  exc  shown  in  fig^jircs  1  to  5  and  in  taclcs  3 
to  7.    I'igu.ro  1  shows  the  avera.ge  cellulose  content  -^^/nd  the  average  alka.li  solu- 
bility, copper  numher,  and  cuiorammoniur':  fluidity  of  the  cellulose  for  eaxh  of  the 
composite  grades  for  the  four  regions  comhincd;  ^no.  figures  2  to  5  'show  this 
informant  ion  sepa.ra.tely  for  the  Atlan^ta.,  Memphis,  Dahlias  and  Austin  regions. 

By  r^^fercnce  to  figiijre  1  it  vrill  or  s^nn  that  the  cellulose  content  was, 
on  the  average,  ra.thcr  uniform  for  the  different  grades  of  cotton.     The  tvjo 
poorer  ■  grades  of  ^^-ite  cotton  (the  lower  Dcing  one  of  the  comr)ounded  grades, 
however,  ajid  from,  the  Mem-nhis  aj:*ea  alone)  contained  a  somevjha.t  higlier  cellulose 
content  tha.n  the  ncpn.  whereas  the  corr est) ending  gra.des  of  Spotted  cotton  showed 
an  a.ppreciahly  lower  cellulose  content.    A  lower  cellulose  content  is  a.sso- 
cia.ted  vjith  a  lower  fiber  maturity,  i.e.,  a  lesser  cell  wall .  development .  This 
lack  of  development  riay  "be  due  to  a.rrost  of  growth  by  various  weather  an.d  nutri- 
tional conditions,  to  a.ttacks  by  microorgr^jiisms  and  ins'octs,  to  killing  frosts, 
or  to  ajiy  conb inaction  of  ther.. 

The  alkali  solubility,  copper  num.ber,  and  cLiprammonir'jri  fluidity  all  show 
a  general  trend  u-pward  as  the  gra.des  become  lovrer.     T'ne  fluidity  chajige  is  rather 
small  for  all  color  classes;  but  alkali  solubility  an.d  copper  number- show  very 
appreciable  increases  v.dth  decrease  in  grade  in  the  Spotted  and  Tinged  cotton. 
These  increases  are  a.11  indica.tive  of  more  or  loss  gcnoraJ.  deterioration  of  the 
cellulose  a.s  the  gra.de  becomes  lovjor.     Increa.sc  of  copper  nwibcr  is  indicative 
of  oxidation  of  the  cellulose  with  or  without  disruption  of  the  long-chain  mole- 
cules, or  of  hydrolytic  cleavage.     Increase  in  the  alkali  soliibility  ajid  fluidity, 
however",  is  indicative  of  either  an  actua.l  or  potential  m.olecular  rupture  vdth 
a  shortening  of  the  length  of  the  chains. 

It  is  of  interest,  however,  to  consider  the  grades  by  regions  since  it 
is  conceivable  that  the  results  of  figure  1  could  be  due  to  the  a.veraging  of 
rather  divergent  results  from  the  dif for cnt '  geographical  regions.     The  rela.tion 
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•■  .Tahle  3.~.  Cellulose  content  of  comppsite  samples 


"'Hogioh 
and  j 

Color 

class 

grade  num"bcr 
(Syml^ol) 

Gray 

"  Wh  i  ie 

Spotted 

Tinged 

Tcllow 
Stained 

"Weighted 
average  !_/ 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Atlanta : 

4  (SM) 

5  (M) 

6  (SLiM) 

7  (LM) 

8  (SGO) 

9  (GO) 

O  '7  T 

y  O,  O 

93.6 
y  o»  o 
94.1 
92.3 
93.5 

.92.2 

OA  A 

.93.6  . 
96.2 

93.  3 
92.9 
y  0. 0 
93.8 
94.2 
93,5 

Weighted 
average  ly 

93.4 

93.9 

92.2 

93.6 

Memphis: 

3  (GM) 

4  (SM) 

5  (M) 

6  (SLM) 

7  (LM) 

8  (SGO) 

9  (GO) 

91.0 

96.3 
93.2 
92.3 
94.4 
93.9 
j  95.3 

)  94.1 

94.4 
95.5 
95.0 
94.3  2/ 

92.9 
95.2 

]  94.8 

93.7  2/ 
93.5  2/ 

95.2 

93.4.. 
93.2.  . 
94.9" 
94.6  .■ 
94. 4 
94.4 

Weighted 
average  1/ 

91.0 

94.4 

94.6 

94.2 

94.2 

Dallas: 

3  (GM) 

4  (SM) 

5  (M) 

6  (SLM) 

7  (LM) 

8  (SGO) 

9  (GO) 

-  - 

90.8 
,.  .89.8 
88.5 
84.8 
92.3 

92.8 
93.4 
93.3 

90,2: 
90.4 
92.1  2/ 

90.7. 

88,3 

90.4 

_ 

92,8,  .  .■ 

92.1 

91.3  -. 

89.0 

88.5  ■. 

92.2  ., 
_ 

Weighted 
average  l/ 

89.2 

92.0 

89.8 

90.6 

Austin: 

3  (GM) 

4  (SM) 

5  (M) 

6  (SLM) 

7  (LM) 

8  (SGO) 

9  (GO) 
Weighted 

average  1/ 

89.7 
93.1 
92.2 
02.7 
92.5 

91.8 
92.0 
■  91.5 
92.6:  . 
91. 3' 
88.8  2/ 
86.7  2/ 

90.1 
90.3 
88.1  2/ 
88.8  2/ 

- 

90.  8-  ' 

92.-6-^';. 

91.8- 
91.8' 
91^4^ 
88.4  • 
87.8  • 

92.0 

90.7 

89.3 

90.8 

Grand 

weighted,  , 
average  1/ 

91.0 

92.5 

1            ■  ■  ,  - 

92.7 

■     ,  „■  —  .  .  ....  J 

91.7 

92.2 

.■92.4'"./y: 

ly  Weighted  on  basis  of  composite  grades  represented. 


2/  No  official  standards  for  these  grades.     See  table  1. 


4 


Ta'ble  4.  -  Alkali  solubility  of  the  cellulose  of  composite  samples 


Region 
and 

grade  n-umbci 

(SsTntol  ] 

Color  class 

> 

Gray 

'fcitc 

Spotted 

Tinged 

Ycllovj 
Stained 

Weighted 
average  l/ 

Atlanta: 

3  (G-M) 

4  (SM) 

5  (M) 

5  (SLM) 

7  (LM) 

8  (SC-Q) 

9  (GO) 
Weighted 

average  1/ 

P  or  c  ent 

Percent 

Percent 

Percent 

Percent 

Percent 

1.49 
1.15 
1.28 

1.33 
1.71 
1.70 

li53 
2il0 
1.  65 
1.76 
2.38 

2.10 

1.51 
1.62 
1.63 
1.54 
2.04 
1.70 

1.44 

1  .  Oo 

2.10 

1.68 

Meirohi  s : 

3  (GM) 

4  (SM) 

5  (M) 

6  (SLM) 

7  (LM) 

8  (SGO) 

9  (GO) 
Weighted 

average  1/ 

1.58 

1.63 
1.54 
1.90 
1.52 
1.87 

j  2.00 

J  1.56 

1.60 
,91 
1.21 
1.30  2/' 

2. 09 
1.35 

1  1.85 

•J 

1.30  2/ 
1.42 

.. — ' 

- 

1.60 
1.73 
1.73 
1 . 43 
1.64 
1.53 
1.71 

1.58 

1..78 

1.36 

1.73 

— 

1.63 

Dallaai..  , 
3  (GM) 

A   (  C!M  ^ 
fi    V,  Ori  J 

5  (M) 

6  (SLM) 

7  (LM) 

8  (SGO) 

9  (GO) 

Weighted 
average  ly' 

1.89 
2.07 
2.08 
2.55 
2.37 

1.88 
1.92 
2 . 28 
2.90 
3.29 
2.51  2^/ 

3.67 
3.96 
3.34 

ft 

1.88 
1.90 
2.67 
2.98 
3.06 
2.44 

- 

2.19 

2.46 

2.62  ' 

Austin: 

3  (GM) 

4  V,  oM ; 

5  (M) 

6  (SLM) 

7  (LM) 

8  (SGO) 

9  (GO) 
Weighted 

aver  age Jy/ 

2.58 
2.  oO 
2.78 
2.64 
■  2.  63 

3. 51 
2.  75 
3.19 
2.50 

3.19 
3.99  2^/ 
4. 94  2jf 

— 

3. 36 
'3.70 
4. 64  ^■ 
4. 50  2J 

— 

3.10 
2. 52 
2.98 
2.83 
3.19 
4. 32 
4.72 

2.60 

3.45 

4. 05 

3.33 

Grand 
weighted. 
avere^ge  _J 

1.58 

1.96 

2.35 

2.89 

2.10 

2.30 

1/  Weighted  on  "basis  of  composite  grades  represented. 
2j  Uo  official  standards  for  these  grades.     See  tahle  1, 


-  10  - 


Table  5.  -  Copper  numlDor  of  the  cellulose  of  composite  samples 


Hegion 
and 
grade  nm'be] 
(Symbol) 

Color  class 

Gray 

White 

Spotted 

Tinged 

1    Yellow      j  V/cightod 
1    Stained     i  average  1/ 

Atlanta: 

3  (m) 

4  (SM) 

5  (M) 

6  (SLM) 

7  (LM) 

8  (SGO) 

9  (GO) 
Weighted 

average  ]J 

Percent 
- 

Percent 

0.27 
.22 
.24 
.29 
.35 
.32 

Percent 

0,24 
,29 
.33 
.33 
.38 

i 

i  r  

Percent 

i  . 

1 
i 

Jrcrcent     j  ircrcont 

i 
1 

i  0.26 
j  .26 
0.58       i  .38 
!  .31 
j  .36 
—  ,32 

L_  -  -  j  -  

0.28 

1 

0.31 

0.58       1  0.32 

Menphis: 

3  (GM) 

4  (SM) 

5  vM} 

6  (SLM) 

7  (LM) 

8  (SGO) 

9  (GO) 
Weighted 

average  ly 

.0,33 

0.24 
.26 
.32 
.32 
.40 

J  .45 

)  0.31 

.32 
.28 
.42 

-.46  2/ 

0.37 
.38 

}  .45 

J 

.40  2/ 
.49  2/ 

_ 

0.28 
.31 
.34 
,35 
.42 
.  44 
.47 

0.33 

0,35 

0. 35 

0,-42 

- 

0.37 

Dallas: 

3  (GM) 

4  (SM) 

r—         /  ^  IT  \ 

5  (M) 

6  (SLM) 

7  (LM) 

8  (SGO) 

9  (GO) 
Weighted 

average  Ij 

0.41 
-  .37 
.  ,  .36 
.51 
.49 

0.38 

.40 
',44 

.73  : 

.70 

.  58  2/ 

 1 — - — 1 

1.25 

i;57 

i:34 

1 

1 

0.38 
.40 
.69 
.89 
.85 
.54 

r 

0. 43 

U,  o4 

0.68 

Austin: 

3  '(GM) 

4  .(SM) 

5  (M) 

6  (SLM) 
*y  ( T,M  ^ 

8  (SGO) 

9  (GO) 
Weighted 

average  ]/ 

0.36 
,    .35  . 
. .  »34 
,38 
.    .  .39 

0.39 

.41 

.  41 

.50 

.71 
'1.28  2/ 
1,72  2/ 

1.02 
1.21 
1.89  2/ 

.    ■1..68  2/ 

0.38 
.38 
.38 
.63 
.77 

1.58 
;  1.68 

  0,36 

0.77 

1 , 44 

0.81 

U-ranl 
weighted^  / 
average  1/ 

0.33 

'0.35 

•0.51  ^ 

0.96 

0.58 

0.54 

1/    Weighted  on  "basis  of,  composite  grades  represented. 
2]    Ho  official  standards  for  these  grades.     Sec  ta-hlc  1. 


J 


Ta"ble  6.  -  Cuprammoniujn  fluidity  of  the  cellulose  of  composite 

Sc?.mplcs 


Region 
and 
grade  number 
(SymlDol) 

Color  class 

Gray 

TJhite 

Spotted 

Tinged 

Yellow 
Stained 

Weighted 
average  "iJ 

Atlanta: 
3  (GM) 

5  (M). 

6  (SLM) 

7  (LM) 

8  (SGO) 

9  (GO) 
Weighted 

average  U 

Hhos 

Rhcs 

2.08 
■  1.90 
1.96 
2.10 
2.17 
2.20 

Rhes 

2.04 
2o06 
2.18 
2.17 
2.42 

Rhcs 
- 

Rhcs 
.  1.95 

Rhcs 

2.06 
1.98 
2.03 
2.14 
2.30 
2.20 

- 

'2.07 

'2.17 

- 

lo95 

2.10 

Memphis: 
3  (GM) 

5  (M) 

6  (SLM) 

7  (LM) 

8  (SGO) 

9  (GO) 
Weighted 

average  1/ 

2.29 

1.98 
■  1.92 
1.90 

2.04 
2.36 

'}  2.38 

1  1.98 

'  1.98 
2.10 

2.21 
2.08  2/ 

1.91 
1.94 

f  1.98 

1.98  2/ 
2.02 

- 

1.98 
1.94 

2.03  - 

2.04  . 

2.18  - 

2.15 
2.20  ,-- 

2.29 

2.14 

2.06 

1.97 

- 

2.07  : 

Drilas: 
3  (GM) 

5  (M) 

6  (SLM) 

7  (LM) 

8  (SGO) 

9  (-GO) 
Weighted 

avcraoge  ±J 

- 

1.86 
1.78 
1.83 
1.80 

2.20 

1,85 
1.97 
2.04 
2.05 
■  .2.11 
2.36  2/ 

2, 56 
2,19 
2.20 

- 

1.85  ■ 
-    1.92  . 
2.05  ... 
2.02  ■ 
2.04 
2.28\ 

- 

1.89 

2.06 

'2.25 

- 

2.04' 

Austin: 

3  (GM) 

4  (SM) 

5  (M) 

6  (SLM) 

7  (LM) 

8  (SGO) 

9  (GO) 
Wei  ght  ed 

average  1/ 

- 

1.87 
1.92 
1.95 
.  2.15 
2.08 

'l.91 

1.98 

1.99 

2.10 
'2.39 

2,28  2/ 
.    2. 38  2/ 



- 

2.28 
2.48 
2.58  2/ 

2.45  2/ 

- 

1.89 
1.95 

■  1.97.. 
2.18 
2.32 
2.43' 
2.42' 

2.00 

2.15 

2.45 

2.18-: 

Grand 

V7eighted  ^  / 
average  1/ 

2,29 

2.04 

2.11 

2.18 

1.95 

2.10'  ' 

1/    Weighted  on  basis  of  composite  grades  represented 

2j    Uo  official  stajidards  for  these  grades.     Sec  table  1, 
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TalDlG  7.  -  S-araraary  of  data  "by  grade  color,  dotermination,  and  region 


Determi- 
nation 


Color  class 


and 

G-ray 

Yellow 

Weighted 

region 

Wii  t  e 

Sr)o  t  ted 

Tinged 

Stained 

Percent 

P('^T*P  P71  t. 

P  ovc on  t 

Pnrc  out 

Ppto  piit 

C  g1  IxlL  0  s  e : 

• 

Atl8,nta 

93.4 

93.9 

92.0 

93.5 

Memphis 

91.0 

94.4 

94.6 

94.2 

94.2 

Dallas 

- 

89.2 

92.0 

89.8 

90.6 

Austin 

92.0 

90.7 

89.3 

90.8 

V7eightcd 

average 

y  J.  •  u 

J 1 .  r 

C\0  -A 
J  <j> .  sir 

An 

Alkali  soli 

Atlanta 

_ 

1.44 

1.88 

2.10 

■-1.68 

Memplii  s 

1.58 

1.78 

1.36 

1.73 

1.63 

Dallas 

2.19 

2.46 

3.66 

— 

2.62 

Austin 

2e60 

3.45 

4.05 

3.34 

¥ci  gilt  ed 

1.53 

1.96 

2  35 

2.  89 

2.10 

2.  30 

Copper  No. : 

Atlar^ta 

- 

0i28 

0.31 

■  0.58 

0.32 

Memphis 

0.33 

.35 

,35 

0.42 

- 

.37 

Dallas 

.43 

.54 

1.39 

.  68 

Austin 

.36 

.77 

1.44 

..81 

Weighted 

-average 

0.33 

0.35 

0.51 

0.96 

0.58 

0.54 

Fluidity: 

Rhes 

Rhes 

Ehes 

Rhes 

Rhes 

Rhes 

Atlanta 

2.07 

2.17 

1.95 

2.10 

Memiohis 

2,29 

2'.  14 

2.06 

1.97 

2.07 

Dallas 

1*.89 

2.06 

2.25 

2.04 

Austin 

2.00 

2.15 

2.45 

2.17 

Weighted 

2.18 

average 

2.29 

2'.  04  : 


2.11 

1.95 

2.10 

J 
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of  CGlliil.ose  content  and  quality  to  grn.do  for  the  Atlantr?,  region  arc  shovm  in 
figrarc  2.    By  rcforcnco  to  this  figure  it  vdll  be  seen  that  the  cellulose  con- 
tent is  very  uniform  for  the  different  grades.    Ho.  7,  Spotted,  presents  a 
slight  exception  in  that  the  celliilose  content  of  this  grade,  representing  a 
composite  of  13  original  s??jnplcs,  is  somewhat  high  and  indicates  rather  unusually 
well 'matured  fibers.     The  alkali  solubility,  t?ie  copper  number,  and  the  cupr?^i- 
monium  fluidity  values,  although  trending  generally  upward  with  decreasing 
grade,  are  rather  moderate  in  their  ch^jnges  -  much  more  so,  in  fact,  than  their 
averages  in  the  Spotted  and  Tinged  gra^des  of  figure  1.     The  v?3lues  for  grade 
No,  5,  Stained,  are  from  a  single  original'  sample  and  may  not  therefore,  ade- 
qua.tcly  represent  this  grade. 

The  results  for  the  Memphis  region  are  shox-.m  in  figure  3.     The  picture 
is  very  similar  to  that  for  the  Atlanta  region  except  that  the  alkali  solubility 
shows  something  of  a  dovjn.ward  trend  in  the  Spotted  and  Tinged  grades.  The 
Tinged  grades  from  this  region  are  v/ell  represented. 

The  results  for  the  Dp.llas  region  are  shoi-jn  in  figLirc  4,    Here  the  cellu- 
lose contents  vxc  in  general  quite  noticeably  lower  than  those  for  the  two  pre- 
ceding regions,  vjhich  fact  indicates  that  the  fibers  were  less  completely 
matured.    Although  there  arc  exceptions,  there  is  some  tendency  (see  also  table  3) 
for  the  cellulose  content  to  become  lower  vrith  lower  grades,  thus  indicating 
greater  imma.turity  of  fiber  in  the  lovrer  grades.     In  the  t^itc  and  Spotted  cot- 
tons the  measures  of  cellulose  deterioration  also  shov;  increasing  deterioration 
a,s  the  grade  becomes  lovrer. 

In  Spotted  grades  6  and  7,  and  in  all  the  Tinged  grades,  the  alkali  solu- 
bility and  the  copper  number  were  especiaJly  high.     There  is  a  tendency  for  the 
average  value  of  each  of  the  measLurcs  of  cellulose  dcteriorp.tion  to  increa.so 
with  increasing  grade  color.     Thus,  the  Dallas  samples  show  a  much  e'^rca.tcr  . 
average  deterioration  as  the  grade  becomes  lower  than  do  the  Atlanta,  or  the 
Memphis  samples.     The  cause  for  this  is  not  immediately  evident. 

Fignire  5  shovjs  the  results  for  the  Austin  region.     The  cellulose  content 
of  the  IVhite  grades  is  about  like  that  for  the  Atlanta  and  Memphis  regions, 
except  for  No.  .3,  which  is  rather  lovr.     In  the  Spotted  and  Tinged  grades,  the 
cellulose  content  tends  to  become  lower  a,s  the  grade  becomes  lower,  in  the  same 
way  as  was  observed  for  the  Dallas  samples.     In  the  I'rnitc  grades,  the  alkali 

k  solubility  a.nd  the  copper  number  arc  quite  similar  to  the  corresponding  vaJues 

from  other  regions.  In  the  Spotted  and  Tinged  grades,  however,  those  values 
rise-  as  the  grade  becomes  lower,  ujitil  they  oven  exceed  the  chajigcs  observed 

p  .for  the  Dallas  region,  thus  indica.ting  unriistakable  deterioration.    All  cellu- 

lose deterioration  vaJues  incrca.se  with  increasing  color  of  the  cotton. 

Discussion  of  Results 

The  results,  as  a  whole,  show  a  rather  uniform  cellulose  content  so  fa.r 
as  grade  is  concerned  with  the  exception  of  som.e  of  the  lovrer  grades  from  the 
Austin  area.     Hovrevcr,  the  cellulose  content  of  the  cottons  from  the  two  eastern 
regions  averaged  distinctly  higher  than  that  of  the  cottons  from  the  vrestern 
regions,  thus  indicating  for  the  1937  crop  year  a  rather  grea.ter  cellulose  deposi- 
tion in  the  form.cr,  i.e.,  a  higher  degree  of  maturity.     The  low  cellulose  content 
in  the  Spotted  and  Tinged  grades  from  the  Austin  area  probably  indicates  inter- 
ruption of  the  natural  development  of  the  fiber  by  frost. 


Interprotatively,  the  alkali  solulDility  may  "be  taken  as  a  measure  of  the 
anoimt  of  short  chain  fragments  of  ccllnlosc  which  have  resiiltod  from  the 
deterioration' produced  by  one  or  more  agencies.    An  increased  copper  nun"ber 
may  "be  taken  as  a  measure"  of.  o^xidat'ivo  or  h^'drolytic  deterioration,  \-rith  or 
i-rithout  the  rupture  of  the  long  chain  cellulose  molecules..    Ho.-'-rcver,  when 
increased  copioer  nunhcr  vnlues  arc  accompanied  "by  increased  vr»J.ucs  of  ?J.kali 
soluhility  nnd  cuprnmmonium'  fluidity,-  it  also  suggests  .the  splitting  of  long 
chain  cellulose  molecules  with  resulting  increase  in  num"ber  .of  short  chain 
molecules.    Although  the  copper  numhcr  is  perhaps  the  most  sensitive  of  the 
throe  measures  of  dctoriora,tion,  it  is  also  the  most  unrelialDlc  one  in  its 
exact  interpretation,  since  in  oxidative  dogradp.ti'~>n  it  often  increases  to  a 
maximui  and  then  decreases  on  fu.rthcr  action.     The  cuprammoniiim  fluidity, 
however,  may  "be  considered  as  a  functional  measure  of  ncexi  cellulose  chain 
length.  '  • 

Tho  alkali  soltihility ,  copper  number,  and  cupramnoniur.  fluidity  of  the 
cellulose  of  the  different  com.posito  samolcs  all  indicated  a  gradually  increas- 
ing deterioration  that  was  fairly 'consistent  as  the  grades  hocam-e  lower.  At 
the  same  time,  'there  was  a  general  trend  toward  greater  detcriora.tion  with 
increasing  grade  color.    Alkali  solubility  and  copper  number  indica.ted  that 
the  deterioration  of  the  cellulose  was  of  a  pgroater  degree  in  the  Tcxa.s  regions 
than  in  the  ea.stcrn  area.s,  but  the  fluidity  of  the  cellulose  did  not  show  any 
apprccia.ble  distinction.     The  appca^ranco  of  <^catly  higher  copper  nunbers  in 
the  Texas  aroa.s,  micro  the  aiiount-  and  intensity  of  the  sunlight  would  bo 
expected  to  be  greater,  might  suggest  a.ctinic  deterioration.    However,  the 
ipossiblo  influence  of  microorga.nism.s  as  well  as  of  frost  in  causing  the  greater 
dot oriora.tion  in  these  regions  cannot  be  eliminated  without  additiona.1  and 
more  extensive  studies.    I'^^iether  such  differences  are  axcidental  or  are  of 
yea.rly  occurrence  remains  to  be'  determined  by  a^dditional  work. 

Summary  and  Conclusions 

Per  the  crop  year  of  1937,  composite  grade  samples  from  all  cotton-grovj- 
ing  regions  except  those  in  the  far  western  part  of  the  United  States  v/ere 
examined  for  cellulose  content  and  comparative  deterioration  of  the  cellulose. 
The  regions  into  which  the  Cotton  Belt  was  divided  for  the  purpose  of  this 
studjr  are  those  centering  around  Atlanta,  G-a. ;  Memphis,  Tenn, ;  Dallas,  Tex.; 
and  Austin,  Tex,     The  number  of  saJ^plos  which  wore  composited  for  each  grade 
is  shovjn;  it  varied  from  1  to  450, 

The  percentage  of  cellulose  in  the  fiber  vra.s  found  to  show  rcla.tivcly 
little  varia.tion  with  grade  except  in  the  Spots  and  Tingbs  of  the  Austin,  ai'pau. 
The  cellulose  content  of  cottons  from,  the  tvro  eastern  regions,  however,  vja.s 
noticeably  higher,  a.s  a.  vjholo,  than  that'  of  the  cottons  from  the  two  Texas 
areas.  .,  .  . 

Three  measures  of  cellulose  deterioration  wer.c  a.pplied,  and  all  indi- 
ca„tod  a  trend  toward  greater  detcriora.tion  as  the  gra.do  number  became  lower 
or  as  the  grade  color  increased.,    .Based  on  copper  number,  and  alkali  solu- 
bility, the  Texas  cottons  shovrcd  much  grea,ter  degrees  of  -  d  c-;t  or  i  or  action  as  the. 
grado  bocajie  lower  than  did  the  cottons  from,  the  two  eastern  regions,  Cuprajn- 
monium  fluidity  did  not  show  this  difference,     Great cr  exposure  in  these  regions 
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to  actinic  ra^'-s  is  siig-^cstcd  as  a  possible  crrplpjiation  of  tho  greater  degrees 
of  deterioration,  although  microorganisms  and  tho  action  of  ^frost  maj^  not  dc 
overlooked. 

More  work  is  needed  to  show  hov/  general  is  the  relation  "between  gra.de  of 
cotton  and  cellulose  deterioration  found  in  the  present  study,  and  whether  it 
is  sufficient  to  "be  of  economic  or  cominercial  importance.     If  deteriorp.tion,  in 
greater  or  less  degree,  is  prevalent,  as  seems  prohable  on  the  "ba-sis  of  the 
present  work,  then  it  will  he  dcsirahle  to  lerrn  how  it  is  related  to  va.rieties 
of  co.tton,  regions  of  grov/th,  and  seasonal  conditions. 
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